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Methods

Animal Experiments.
In vivo phenotyping. Most mouse phenotyping experiments were carried out according to the standard operational procedures (SOPs) guidelines established and validated within the Eumorphia program (1) . Body weight and food intake were monitored weekly on the same day. Body composition was determined by Echo-MRI (Echo Medical Systems). Oral glucose tolerance test (OGTT) was performed in mice fasted overnight. Tail vein glucose levels were measured using a Bayer Contourè glucometer immediately before glucose administration and 15, 30, 60, 90 and 120 minutes after glucose administration (1g glucose/kg body weight). Plasma insulin levels from before glucose administration and 15, 30 and 60 min after glucose administration during the OGTT procedure was quantified from heparinized plasma samples using specific ELISA kits (Mercodia). Insulin tolerance test (ITT) was performed on mice fasted for 5 hrs. Tail vein glucose levels were measured using a Bayer Contourè glucometer immediately before Intraperitoneal insulin injection (0.5 units/Kg) and 15, 30, 60, 90 and 120 minutes after insulin injection.
Oxygen consumption (VO 2 ), carbon dioxide production (VCO 2 ), feeding activities and activity levels were monitored during the indirect calorimetry tests using the comprehensive laboratory animal monitoring system (CLAMS, Columbus Instruments). The mice were kept in individual cages inside a CLAMS chamber for 2 days; the first day and night was a nonrecording adjustment period followed by a 24-h recording at room temperature (+22°C). Measurements were performed for a total of 37 mice (n = 10 on NR, n=10 on HFHS and n= 17 on CD) The results of O 2 consumption and CO 2 production were used to calculate respiratory exchange rate (RER) and analyzed separately from the light (inactive) and dark (active) periods of the day.
Animal sacrifice. After a 4 hours fasting period, mice were anesthetized with sodium pentobarbital (i.p. injection, 50 mg/kg body weight) and euthanized by blood sampling via cardiac puncture. Plasma was collected and frozen at -80°C following centrifugation of heparinized blood samples (2000 rcf for 5 minutes at 4°C). All plasma parameters were measured using a Cobas c111 (Roche Diagnostics). Tissues were snap frozen in liquid nitrogen and together with the plasma stored at -80°C.
NR supplemented food
The NR supplemented pellets were prepared by mixing powdered diet with water only or NR dissolved in water. Pellets were dried under a laminar flow hood at least over night and frozen until needed.
Morphologic analysis
Liver samples, taken from the same lobe of each animal, were fixed in buffered formalin (4%) overnight and embedded in paraffin. 5 μm thick serial sections were made from paraffin embedded tissue then stained with hematoxylin and eosin (H&E), Picrosirius red and Masson's trichrome to assess fibrosis and collagen, respectively, according to standard protocols. Antigen retrieval was performed on sections before immunohistochemistry. Hydrated sections were boiled in a citric acid solution (10 mmol/L trisodium salt dihydrate pH 6.0, 0.5% Tween-20) for 8 minutes or treated for 25 minutes at 37°C with 0.1% Trypsin in 0.05 M/L Tris, pH 7.8 with 0.1% CaCl. Post-retrieval, slides were stained for CD45 at 1:100 (BD Pharmingen, 30-F11) as a marker of inflammation. Another set of liver samples, taken from the same lobe of each animal, were embedded in Thermo Scientific™ Shandon™ Cryomatrix™ embedding resin and snap-frozen, for 2 minutes in isopentane cooled in liquid nitrogen, before being placed on dry ice. Serial 5 μm thick cryosections were stained with Oil Red O to assess lipid accumulation, succinate dehydrogenase and cytochrome c oxidase activity as previously described (2).
The histopathological scoring for the severity and extension of hepatocellular steatosis was performed in a blinded fashion by a board certified veterinary pathologist on 5 μm thick sections stained with Hematoxylin and Eosin. A Leica DM500 light microscope (Leica Microsystems, Wetzlar Germany) was used for this purpose. The analysis included the semiquantitative evaluation of the severity of infiltration according to the parameters reported in Table S2 . The overall value of fatty infiltration per animal was the result of the sum or partial scores. Hepatomegaly was also identified, subgrossly, based on sharpness of the natural borders of the organ included in the section.
Respirometry on fresh liver tissue
Mitochondrial function in fresh liver tissue was evaluated using high-resolution respirometry (Oroboros Oxygraph-2k; Oroboros Instruments, Austria), as previously described (3), with minor modifications. Briefly, Complex I driven oxidative phosphorylation was measured by adding malate (1.6 mM), glutamate (20 mM), pyruvate (9.8 mM) and ADP (4.8 mM), followed by the addition of succinate (9.6 mM) to stimulate complex I + complex II driven coupled respiration. Finally, electron transport through complexes I inhibited by sequential addition of rotenone (0.1 mM) (ETS Complex II). O 2 flux obtained in each step of the protocol was normalized by the protein content of the liver sample used for the analysis.
Citrate synthase activity measurement.
Citrate synthase activity was measured following the protocol of Sigma's Citrate Synthase Assay Kit (Sigma-Aldrich, St. Louis, MO, USA).
Western blotting
Potein was extracted using lysis buffer (50 mM Tris, 150 mM KCl, EDTA 1 mM, NP40 1%, nicotinamide 5mM, sodium butyrate 1mM, protease inhibitors pH 7,4). Proteins were separated by SDS-PAGE and transferred onto nitrocellulose membranes. Blocking and antibody incubations were performed in 5% BSA. SIRT1, MTC01, SDHA and HSP10 (CPN10) antibodies were from Abcam; Anti-FOXO1 antibody was from Cell Signaling; antiacetyl-FRKH (FOXO), TOM20 and HSP90 antibodies were from Santa Cruz Inc.; HSP60 antibody was from Enzo Life Science; Antibody cocktail (the Mitoprofile Total OXPHOS Rodent WB Antibody Cocktail) for mitochondrial subunits was purchased from Mitosciences; CLPP antibody was from Sigma. Antibody detection reactions were developed by enhanced chemiluminescence (Advansta, CA, USA) using x-ray films or imaged using the c300 imaging system (Azure Biosystems).
Blue-Native Page
Blue-Native Page was performed using the Native-PAGETM Novex® Bis-Tris Gel system (Invitrogen). Briefly, 50ug of mitochondria was isolated, as previously described (4), then solubilized using Native-PAGE sample buffer with 0.5% n-dodecyl-β-D-maltoside (Invitrogen). Mitochondrial complexes were separated using a Native-PAGE Novex 3-12% Bis-Tris gel (Invitrogen) and transferred to a PVDF membrane using the iBlot TM Gel Transfer System (Invitrogen). The membrane was then fixed with 8% acetic acid, dried overnight, and destained with methanol. To detect OXPHOS complexes, the membrane was stained with the Mitoprofile Total OXPHOS Rodent WB Antibody Cocktail (Mitosciences). The membrane was then washed and the signal was detected using the Western Breeze® Chromogenic Western Blot Immunodetection Kit (Invitrogen).
Quantitative real-time qPCR for mRNA and DNA quantification Total RNA was prepared using TRIzol (Invitrogen) according to the manufacturer's instructions. RNA was treated with DNase, and 2 μg of RNA was used for reverse transcription (RT). 10X diluted cDNA was used for RT-quantitative PCR (RT-qPCR) reactions. The RT-qPCR reactions were preformed using the Light-Cycler system (Roche Applied Science) and a qPCR Supermix (Qiagen) with the indicated primers. Data was normalized using 36B4. The average of at least three technical repeats was used for each biological data point. Primer sequences are shown in Table S3 .
To measure mtDNA content (marker of mitochondrial number), liver tissue was homogenized using 1x PBS and digested in a lysis buffer containing Proteinase K overnight. Genomic and mitochondrial DNA were extracted by conventional phenol-chloroform method. Then quantitative PCR was performed using mitochondrial DNA (Cox2) and genomic DNA (Hk2)) specific primers Table S3 as previously described (5). Fig. S1 (A) Transcripts from NAD + -synthesis genes (shown in blue font), in contrast to NAD + -consuming genes (shown in red font), were positively correlated with regulators of β-oxidation using a matching custom designed data-sets derived from two human data sets, including 427 (6) and 220 (7) human liver samples or two mouse data sets, including 42 BXD strains fed either chow or high-fat diets (8, 9) . These matching data-sets further complement data from figures 1A and 1B and emphasize the conservation of these correlations. As seen on a correlogram, blue correlations are positive and red correlations are negative (intensity reflects significance).
Supplementary Figures
Fig. S2
(A) Schematic illustrating the experimental design for indirect calorimetry tests (CLAMS) that were performed on CD, HFHS and NR-Prev cohorts, following 5 weeks of treatment (NR dose: 400 mg/kg/day). The NR-Ther cohort is not included in this measurement since these animals did not yet start their NR treatment. Compared to the HFHS cohort, the respiratory exchange ratio (RER), total VO 2 and total VCO 2 demonstrated an increased use of lipids during the (B) dark and (C) light cycles upon NR treatment. Animals fed HFHS or NR/HFHS showed similar levels of activity throughout the measurements (n=8-10). *P < 0.05, **P < 0.001, ***P < 0.0001 compared to the HFHS cohort. Data are expressed as mean ± s.e.m. One-way ANOVA with a post-hoc Bonferroni test was used for all statistical analyses. Male mice were used for these experiments. mt is demonstrated by the unequal changes in SDHB and MTCO1 expression and by the increase in HSP10, respectively. These effects are also shown to be dependent on SIRT1. Male mice were used for these experiments. 
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